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a  b  s  t  r  a  c  t

Background:  Cognitive  control  dysfunction  has  been  identified  in dependent  alcohol  users  and  impli-
cated  in  the  transition  from  abuse  to dependence,  although  evidence  of  dyscontrol  in  chronic  but
non-dependent  ‘harmful’  alcohol  abusers  is mixed.  The  current  study  examined  harmful  alcohol  users
response  inhibition  over  rewarding  stimuli  in  the  presence  of monetary  reward  and  punishment,  to
determine  whether  changes  in sensitivity  to  these  factors,  noted  in  imaging  studies  of  dependent  users,
influences  impulse  control.  Method:  Harmful  (n  =  30)  and  non-hazardous  (n =  55)  alcohol  users  were
administered  a Monetary  Incentive  Go/No-go  task  that  required  participants  to  inhibit  a prepotent  motor
response  associated  with  reward.  Results:  Harmful  alcohol  users  showed  a significantly  poorer  ability  to
withhold  their  impulse  for a rewarding  stimulus  in  the  presence  of  immediate  monetary  punishment  for
failure, while  retaining  equivalent  response  inhibition  performance  under  neutral  conditions  (associated
with  neither  monetary  loss  or gain),  and  significantly  better  performance  under  delayed  reward  con-
ditions.  Conclusions:  The  results  of  the  present  study  suggest  that  non-dependent  alcohol  abusers  have
altered  sensitivity  to  reward  and punishment  that  influences  their  impulse  control  for  reward,  in  the
absence  of  gross  dyscontrol  that is consistent  with  past  findings  in which  such  performance  contingen-
cies  were  not  used.  The  ability  of delayed  monetary  reward,  but not  punishment,  to  increase  sustained
impulse  control  in  this  sample  has  implications  for the mechanism  that  might  underlie  the  transition
from  alcohol  abuse  to dependence,  as  well  as  intervention  strategies  aimed  at  preventing  this  transition.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Young people ‘at-risk’ of later drug addiction demonstrate
subtle, but significant, abnormalities in the neural mechanisms
underlying reward processing and impulse control (McNamee et al.,
2008; Tarter et al., 2003, 2004). Such impairments are also evi-
dent across addicted populations (Yucel et al., 2007) and they are
similarly predictive of poor treatment outcomes, especially relapse
during abstinence (Carpenter et al., 2005). While contemporary
neurobiological models highlight the importance of such factors in
the development of addiction (Dawe and Loxton, 2004; Goldstein
and Volkow, 2002; Jentsch and Taylor, 1999; Kalivas and Volkow,
2005; Naqvi and Bechara, 2009; Paulus, 2007), these processes
remain poorly understood.
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Of particular interest to the current study was examining cog-
nitive control, in the form of response inhibition, over rewarding
stimuli in the presence or absence of an immediate aversive out-
come. Previous research has typically focused on how individuals
implement control over an overlearned response, when failure
to do so results in an immediate punishment (typically a mone-
tary penalty). While this type of control is representative of some
real-world situations it does not adequately capture that required
for many situations involving rewarding stimuli. For example,
attempting to abstain from alcohol requires a person to inhibit
the impulse to drink alcohol, which if ingested would be imme-
diately rewarding, in preference to a longer term more abstract
reward (e.g., improvement in health). When a person fails to inhibit
an overlearned behaviour like this, there is no immediate punish-
ment. While negative outcomes may  follow at some point in the
future, and have differing degrees of relation to the failure to inhibit
(e.g., withdrawal, relationship breakdown, cirrhosis), the type of
control required to inhibit the overlearned response is different
to the immediate reward/punishment tasks previously used in the
cognitive literature.
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Recent studies have demonstrated the importance of under-
standing the influence of reward and punishment contingencies
to inhibitory control in drug users. For example, impulsive deci-
sion making for reward in drug abusing populations has been
identified using the delay discounting procedure, where smaller,
but immediate, rewards can be chosen in preference to larger
delayed rewards (Bickel and Marsch, 2001; Field et al., 2007;
MacKillop et al., 2011; McDonald et al., 2003; Mitchell et al., 2005;
Monterosso et al., 2001; Petry, 2001). However, the results are
not consistent across studies using this task (Fernie et al., 2010;
Kirby and Petry, 2004; MacKillop et al., 2007), and do not appear
to relate to alcohol use in non-dependent drinkers (Pryor and
MacKillop, 2009). Other results from alcohol abusing populations
have indicated that identifying inhibitory control deficits with tasks
such as the Stop-signal and Go/No-go is particularly sensitive to
whether inhibitory control performance is rewarded or punished
(Colder and O’Connor, 2002; Kamarajan et al., 2005), and may
be too insensitive for non-dependent populations in the absence
of punishment for inhibitory control failures (Fernie et al., 2010;
Field et al., 2008; Murphy and Garavan, 2011; Nederkoorn et al.,
2009).

In combination with heightened reward sensitivity
(Kambouropoulos and Staiger, 2001; O’Connor and Colder,
2005), drug dependent participants show a reduced sensitivity
to punishment in their behavioural performance (Bechara et al.,
2002; Ersche et al., 2005; Fridberg et al., 2010; Goudriaan et al.,
2008; Grant et al., 2000). Neuroimaging studies of dependent drug
users have also shown a diminished neural response to monetary
loss (Beck et al., 2009; Bjork et al., 2008a,b; Wrase et al., 2007), in
both sub-cortical ‘limbic’ regions such as the striatum and cortical
regions such as the anterior cingulate cortices. These studies
have typically not examined the consequences of such a reduced
loss-response to subsequent behaviour (Hommer et al., 2011).

The use of punishment to shape appropriate behaviour is a key
aspect of clinical (and criminal law) interventions for drug abuse
and addiction, and its reduced effectiveness with drug abusers has
widespread clinical, public health and law enforcement ramifica-
tions. Using a modified Go/No-go response inhibition paradigm
that required participants to inhibit a prepotent motor response
associated with reward we aimed to examine the relationship
between alcohol abuse and control over a rewarding response in
non-dependent alcohol abusing participants. To simulate the kind
of beneficial behavioural outcome produced by successful absti-
nence, reward for successful inhibitory control took the form of
delayed monetary gains that were the product of the highest num-
ber of consecutive successful response inhibitions across a large
block of trials. A larger reward was gained by exerting control
over a smaller, but immediate, reward-related stimulus during
multiple, successive trials. This condition was repeated twice: the
Immediate Punishment (IP) condition imposed an immediate mon-
etary penalty for inhibitory failures, whereas the Delayed Reward
(DR) condition did not punish inhibitory errors, instead partici-
pants received the reward previously associated with the stimulus
response.

The aim of these contingencies was (1) to examine the influence
of delayed reward on inhibitory control over immediate reward-
related stimuli (when compared to non-reward stimuli), in the
presence or absence of punishment; and (2) the influence of alcohol
abuse behaviour on the interaction between reward, punishment
and inhibitory control. The rationale for examining harmful alcohol
drinkers was twofold, firstly we wanted to study the relationship
between these variables in a non-dependent sample (Scaife and
Duka, 2009), and because of the high proportion of the Australian
alcohol drinkers who consume at harmful levels (AIHW, 2008)
that are at-risk for developing dependence (Goudriaan et al., 2011;
Rubio et al., 2008; Verdejo-Garcia and Bechara, 2009).

2. Methods

2.1. Participants

One hundred and twenty nine participants (71 female, mean age 26.2, range:
18–45) were recruited from the University of Melbourne Parkville campus and
experimenter networks. Participants were screened to exclude those currently tak-
ing psychotropic medications, current or past dependence on nicotine (Fagerström
Nicotine Dependence Test; Heatherton et al., 2006), abusing drugs other than alco-
hol  (Drug Abuse Screening Test; Skinner, 1982), or with a current or past history of
neurological or psychiatric illness. All participants provided informed consent and
the project was approved by the University of Melbourne’s Human Ethics Commit-
tee  for meeting the standards for ethical research prescribed by the National Health
and Medical Research Council. Participants were reimbursed for time (AUD$10 for
the 60–75 min testing session) and received monetary rewards related to their task
performance (range = AUD$ 22–41).

2.2.  Assessment measures

2.2.1. Alcohol Use Disorders Identification Test (AUDIT). Levels of alcohol consump-
tion  were measured by administration of The Alcohol Use Disorders Identification
Test (AUDIT; Saunders et al., 1993). We  categorized participants into harmful and
non-hazardous drinking groups based upon their total score on the AUDIT, with
scores of 16 and above (n = 30) categorized as harmful and scores of less than 8
(n = 55) as non-hazardous. This categorization is based upon the World Health Orga-
nization’s guidelines, which in turn is based upon population normative data for the
AUDIT questionnaire, that identifies ‘harmful’ alcohol use (Babor et al., 1992, 2001)
and  is incorporated into the ICD-10. Scores of greater than 16 are considered ‘harm-
ful’: “This is a pattern of alcohol consumption that is already causing harm, either
physical or mental”, whereas scores between 8 and 15 represents ‘hazardous use’:
“that increases the risk of harmful consequences for the user . . .despite the absence
of  any current disorder in the individual user” (Babor et al., 2001). The distinction
between potential and current alcohol-related harm was important to the current
study, along with the desire to recruit participants who were significantly above the
AUDIT mean for the typical University sample, who  have a mean score of approxi-
mately 10 (see also (Heather et al., 2011) for comprehensive data from UK  University
students). These categories also conform to the Australian National Health and Med-
ical  Research Council 2009 guidelines to reduce health risks from drinking alcohol.
The demographic and drug use behaviour of the two groups are presented in Table 1.

2.2.2. Monetary Incentive Go/No-go Task (MI-GNG). Participants completed a Go/No-
go  task designed to assess inhibitory control under varying reward/punishment
conditions (Fig. 1). All aspects of stimulus delivery and response recording were
controlled by E-Prime software (version 2.0, Psychology Software Tools, Pittsburgh,
PA), running on a laptop PC (Intel 2 GHz, 256 mb Nvidia Video Card). The task con-
sisted of three types of trials: Go, No-go and Money trials. Go trials presented a
series of white non-repeat double-digit numbers (different, e.g., 21, 23 but not 22),
centrally on a black background for 750 ms, followed immediately by a 1250 ms
interstimulus interval (ISI) presenting only the black background. Participants were
asked to respond to Go trials by making a single button press response as quickly as
possible upon Go trial presentation.

Money trials presented repeat double-digit numbers (e.g., 11, 22 or 33) and
required participants to make a single button press response as quickly as possible.
The  stimulus was  presented for 750 ms, followed by a feedback screen for 750 ms
and  blank-screen ISI (500 ms). Money trials paid monetary rewards in proportion to
how quickly the participant responded to the stimulus. No-go trials were pseudo-
randomly interspersed throughout the Go trials.

The  No-go stimulus was presented for 750 ms,  followed by a 1250 ms  ISI and
then a 1000 ms  feedback screen. Participants were informed prior to the beginning
of  each block which repeat double-digit number (e.g., 11, 22, 33) was  designated as
the No-go stimulus for the block of trials. Participants were asked to withhold their
button response upon presentation of the No-go trial.

Two  different repeat double-digit numbers were presented as Money trial stim-
uli for each block. In order to maximize the recency and prepotency of the association
between the No-go stimuli and monetary reward, the No-go stimulus for each block
was  selected from one of the two repeat double-digit Money trial stimuli from
the block preceding it. An exception was  made for a Neutral condition in which
non-repeat double-digit numbers were employed as No-go trials, i.e., 31 and 71.

Immediate feedback on performance accuracy and amount gained or lost was
provided during the feedback screen that followed Money and No-go trials. Suc-
cessful button presses for a Money trial stimulus provided an immediate monetary
reward with a maximum value of 40c (AUD). The monetary reward for Money trials
was calculated according to the response time (RT) during the 1000 ms  response
window duration (RT < 250 ms  = 40c; <300 ms  = 20c, <350 ms  = 10c, >400 ms = 0).
Performance accuracy feedback was also provided during the ISI period follow-
ing successful No-go trial response inhibition. However, rather than receiving an
immediate reward for successful inhibition during the No-go trial, participants were
provided with monetary reward at the end of each block based upon the highest
number of consecutive successfully inhibited No-go trials during the block, mul-
tiplied by 40c. For example, if within one block (160 trials), the highest number of
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Table  1
Demographic and alcohol use data for the total sample (n = 129), including Harmful (n = 30) and Non-Hazardous (n = 55) sub-groups.

Total Non-Hazardous Harmful

M SD M SD M SD

Age 26.2 6.6 26.4 7.3 28.4 6.6
Years  of education 15.5 2.7 16.0 2.3 15.1 2.8
Gender (F:M) 71:58 40:15 11:19
AUDIT 9.7 6.8 3.7 2.1 19.4 4.5
Alcohol use duration (years) 11.0 9.0 11.3 12.6 13.4 5.8
Alcohol consumption (standard drinks p/week) 9.9 8.8 3.1 3.0 18.4 8.7

Note: A ‘standard drink’ is 10 g of alcohol.

successful consecutive response inhibitions was seven, the participant was  awarded
$2.80 (7 " 40c). Immediate feedback for successful inhibition of individual No-go
trials informed participants that no reward had yet been accrued.

Three experimental conditions, Delayed Reward (DR), Immediate Punishment
(IP) and Neutral, were administered to participants in a pseudorandom order. The
conditions were differentiated by their contingencies relating to response inhibi-
tion failure during No-go trials. During the IP condition (Fig. 1b), feedback during
the  ISI period for No-go trials indicated a 40c punishment for failed inhibition. Dur-
ing  the DR condition (Fig. 1a), failure to inhibit during a No-go trial did not result
in  a monetary punishment. Instead, feedback during the ISI period signalled perfor-
mance failure and a monetary reward commensurate with RT, thereby remaining
consistent with the response–reward relationship experienced during Money trials.
During the Neutral condition, no monetary reinforcement was applied to inhibition
success or failure, only Money trials were rewarded.

Three consecutive blocks of both IP and DR conditions were presented to par-
ticipants, with a Neutral condition block preceding both sets of conditions. The
presentation order of IP and DR blocks was counterbalanced across participants
to control for order effects. Each block comprised of 120 Go, 20 No-go and 20 Money
trials, all of which were pseudo-randomly presented such that No-go and Money
trials were always separated by at least two Go trials. The two-digit stimuli were
also differentiated across blocks and conditions, with digits 11–44 (inclusive) used
for  DR blocks and 55–88 used for IP blocks. Same-digit stimuli were rotated across
the  four blocks (Neutral, then 3 blocks of IP or DR), so that one of the two  same-digit
stimuli used for Money trials during each block was used in the subsequent block as
a  No-go stimulus. This feature maximized the recency of reward association with a
stimulus. Similarly, a same-digit number was  not used as a Money trial stimulus in
the block immediately following its use as the No-go stimulus, to avoid retroactive
interference effects.

3. Results

3.1. Participants’ characteristics

The Harmful (Harm) and Non-Hazardous (NH) groups did not
significantly differ on age, F(1,84) = 2.4, p = .12, years of education,
F(1,84) = 2.88, p = .10, or years of alcohol use, F(1,84) = 0.7, p = .38,
but did differ on the AUDIT total score, F(1,84) = 474.9, p = .00,
average weekly alcohol consumption, F(1,84) = 139.8, p = .00 and
gender, X2(1,N = 84) = 10.5. p = .00. The Harmful group contained
a significantly higher proportion of males and had a significantly
higher AUDIT score and weekly alcohol consumption when com-
pared to the Non-Hazardous group. Given the previous findings
from Nederkoorn et al. (2009) and Scaife and Duka (2009),  show-
ing gender differences in the association between alcohol-related
behaviour and cognitive control performance, gender was  used
subsequently used as a second factor in the analysis examining
group status and task performance.

3.2. MI-GNG Task performance

Performance indices for each condition are presented in Table 2.
A 2 group " 2 gender " 3 incentive condition (Neutral, DR, IP)
ANOVA, indicated response inhibition performance was  signifi-
cantly influenced by incentive context, F(2,162) = 22.6, p = .00, but
not group, F(1,81) = .01, p = .90, or gender, F(1,81) = .13, p = .71. Pair-
wise comparisons (Bonferroni corrected for multiple comparisons
using LSD) of contingencies relating to control during No-go trials
indicated that inhibition accuracy was significantly better in the IP

and DR conditions compared to the Neutral condition, p’s < .01, but
IP and DR were not significantly different to each other (p = .06).

The interaction between gender and incentive condition,
F(2,162) = 1.5, p = .23, and gender, hazard group and incentive
condition, F(2,162) = 1.7, p = .19, were both non-significant. The
interaction between hazard group and incentive condition was
significant, F(2,162) = 10.2, p = .00, with the Non-Hazardous group
showing a significant difference between all three conditions
(IP > DR > Neutral; p’s < .01), whereas the Harmful group showed
significantly improved response inhibition accuracy for the IP and
DR conditions when compared to Neutral (p’s < .01), but IP and DR
were not significantly different (p = .09). Similarly, pairwise com-
parisons indicate that during the DR condition, inhibition accuracy
was significantly higher for the Harmful group when compared to
the Non-Hazardous group (p = .01), whereas the opposite pattern
was evident during the IP condition (p = .05).

Significant main effects of incentive condition were also found
for Money, F(2,162) = 4.56, p = .01, but not Go, F(2,162) = 1.6, p = .19,
trial reaction time (RT). Specifically, pairwise comparisons of
Money trial-types revealed significantly slower RTs for the IP con-
dition, in comparison to either DR or Neutral, p’s < .01. Money and
Go trial RT did not show a significant main effect of hazard group
(Money: p = .65; Go Trial: p = .66) or gender (Money: p = .62; Go
Trial: p = .50), nor an interaction between incentive condition and
gender (Money: p = .50; Go Trial: p = .56), or incentive condition
and hazard group (Money: p = .38; Go Trial: p = .76), suggesting that
the differences in inhibition accuracy were not due to underlying
differences in response speed.

4. Discussion

The results of the present study indicate that participants
who currently consume harmful levels of alcohol have a reduced
sensitivity to monetary punishment, which is associated with a sig-
nificantly poorer ability to withhold their impulse for a rewarding
stimulus. The harmful alcohol use (Harm) sample retained equiv-
alent inhibitory control performance under neutral conditions

Table 2
Mean accuracy, reaction time and standard error scores for the Neutral, Delayed
Reward (DR) and Immediate Punishment (IP) conditions on the MI-GNG task, for
Harmful (n = 30) and Non-Hazardous Alcohol drinkers (n = 55).

Category Neutral DR IP

M SEM M SEM M SEM

No-go accuracy (% correct)
NH 59.2 2.6 66.7 2.4 78.1 1.9
Harm 61.7 2.5 74.4 3.2 69.7 2.6

Money trial RT (ms)
NH 339.6 7.7 345.1 8.9 363.4 8.7
Harm 346.8 10.5 362.8 12.1 368.2 11.8

Go  trial RT (ms)
NH 331.9 9.0 333.6 12.4 342.9 11.9
Harm 327.2 10.2 328.7 12.5 337.6 12.0

NH = Non-Hazardous, Harm = Harmful.
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Fig. 1. Monetary Incentive Go/No-Go task design. The task required participants
to  (i) respond rapidly to different-digit double-digit numbers (Go trials); (ii)
respond rapidly to same-digit double-digit numbers (Money trials) and (iii) with-
hold response to a designated same-digit double-digit number previously employed
as  a Money trial in the preceding block of trials (No-Go trials). Immediate feedback
on  Money and No-Go trial performance was provided on the screen. Feedback for
response inhibition failure was contingent on condition: (i) Delayed Reward resulted
in  monetary reward commensurate with response speed; (ii) Immediate Punish-
ment resulted in monetary punishment; (iii) Neutral resulted in neither monetary
reward nor punishment.

(associated with neither monetary loss or gain) when compared
to a non-hazardous alcohol consumption (Non-Haz) sample, ruling
out a general impairment in inhibitory control. However, the impo-
sition of an immediate monetary punishment for failed impulse
control did not significantly improve their performance relative to
the comparison condition (delayed reward). Similarly, the Harm
sample’s performance during the punishment condition was sig-
nificantly poorer than the Non-Haz group.

The reduced sensitivity to monetary punishment in the Harm
group is consistent with previous behavioural findings in depen-
dent alcohol users (Bechara et al., 2002), other dependent groups
(Ersche et al., 2005; Grant et al., 2000), and non-dependent users
under the acute influence of alcohol (Loeber and Duka, 2009a,b).
The results of the present study indicate that such a reduction in
punishment sensitivity has a direct influence on impulse control
for reward-related stimuli, and can be demonstrated in a non-
dependent alcohol abusing sample.

Previous research with such non-dependent populations has
identified impulsive decision making for reward, typically when
using the delay discounting procedure (Bickel and Marsch, 2001;
Field et al., 2007; MacKillop et al., 2011; McDonald et al., 2003;
Mitchell et al., 2005; Monterosso et al., 2001; Petry, 2001;
Vuchinich and Simpson, 1998), while others have failed to show
such a deficit (Fernie et al., 2010; Kirby and Petry, 2004; MacKillop
et al., 2007). Studies examining inhibitory control deficits in
non-dependent alcohol abusing samples, with tasks such as the
Stop-signal and Go/No-go (Colder and O’Connor, 2002; Kamarajan
et al., 2005; Nederkoorn et al., 2009), have also failed to show
response inhibition impairment, which lead Fernie et al. (2010)
to hypothesize that such tasks may  not be sufficiently sensitive
to detect impulse control problems in non-dependent populations
in the absence of punishment for inhibitory control failures. The
results of the present study appear directly consistent with this
hypothesis, insofar as the Harm group’s response inhibition per-
formance was  not significantly poorer than the Non-Haz group
during the neutral condition, which closely resembles a typical
Go/No-go task. Furthermore, the Harm group’s response inhibition
performance during the delayed reward condition was  significantly
better than the Non-Haz group. The latter result appears analo-
gous to a recent result from Chung et al. (2011),  who demonstrated
that immediate reward improved antisaccade task performance in
adolescents with substance use disorder.

The specific task parameters appear particularly important in
accounting for the effectiveness of a delayed monetary incentive in
the current task for improving response inhibition for reward stim-
uli in non-dependent alcohol users. This particular result appears
on face value to be inconsistent with the past studies showing the
opposite tendency in non-dependent participants administered the
delay-discounting task (Field et al., 2007; Vuchinich and Simpson,
1998). The inconsistency does not appear due to sample charac-
teristics per se, for example, the AUDIT score of the current Harm
sample is higher than that of Field et al.’s (19.4 and 15.3 respec-
tively). The current task required participants to withhold their
response to an immediately rewarding stimulus based upon speed
of response, for a delayed monetary reward that was calculated
according to the number of consecutive correct inhibitions over
a series of No-go trials. On average, failing to inhibit was worth
20c per No-go trial, whereas successfully inhibiting was worth 40c
per trial (the latter increased with greater control performance, and
vice versa for poorer control). While the larger reward was delayed,
the current task may  have assessed control within a part of the
discounting function that promoted delayed gratification. This has
obvious implications for future cognitive studies in this sample, but
also highlights that public-health or individual interventions, such
as the Contingency Management approach that emphasizes greater
delayed monetary rewards from continued abstinence (Olmstead
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and Petry, 2009; Petry, 2010; Petry et al., 2011), might still be effec-
tive in the non-dependent alcohol use population if the relative
value of control is appropriately weighted.

The failure of monetary punishment to promote improved
impulse control in the Harm sample also has both theoretical and
clinical implications. Previous research has demonstrated reduced
behavioural sensitivity to punishment in drug-dependent samples
(Bechara et al., 2002; Ersche et al., 2005; Grant et al., 2000), with
neuroimaging studies suggesting a potential mechanism being the
influence of chronic drug use on both sub-cortical ‘limbic’ regions
such as the striatum and cortical regions such as the anterior cin-
gulate cortices. Both regions showed diminished neural response
to monetary loss (Beck et al., 2009; Bjork et al., 2008a,b; Wrase
et al., 2007), though the consequences of such a reduced loss-
response to subsequent behaviour was unclear (Hommer et al.,
2011). The current findings suggest that such behavioural punish-
ment insensitivity can be demonstrated in a chronically consuming,
but non-dependent, alcohol using sample, and that one conse-
quence of this insensitivity is a reduced ability to control the
impulse for immediate reward in the face of negative consequences.
The latter is a core symptom of drug dependence and highlights the
potential of cognitive tasks, which specifically assess impulse con-
trol in the face of punishment, to more sensitively predict those
chronic drug users who are at risk of transitioning to dependence
(Goudriaan et al., 2011; Rubio et al., 2008; Verdejo-Garcia and
Bechara, 2009).

The current finding in non-dependent alcohol users appears
consistent with the clinical effectiveness of contingency manage-
ment for treating dependent populations, insofar as providing
delayed monetary rewards (Olmstead and Petry, 2009) for succes-
sive days of abstinence improves long term treatment outcomes.
The predictive validity of the current task, with its monetary
reward and punishment format, for success in contingency man-
agement would be of particular interest. Similarly, the current
findings may  have implications for the recent positive findings
for training response inhibition to decrease alcohol consumption
(Houben et al., 2011), highlighting that reward-based, rather than
punishment-based, contingencies during training may  be the most
efficient.

Recent human work has also demonstrated that reduced
dopamine receptor density is associated with diminished
behavioural and neural sensitivity to punishment (Klein et al.,
2007), with administration of dopaminergic agonist further
decreasing the sensitivity to punishment (and increasing the
sensitivity to reward; Cools et al., 2009; Frank et al., 2004). While
the exact relationship remains unclear, if the mechanism that links
impulsiveness for reward with greater drug reinforcement, also
simultaneously produces reduced sensitivity to punishment, then
there would be clear negative consequences for vulnerability to
addiction.

Role of funding source

This research was supported by the Australian Research Coun-
cil Grant (DP1092852) and National Health and Medical Research
Council Fellowship (519730) (R.H.). The Australian Research Coun-
cil and National Health and Medical Research Council had no further
role in study design; in the collection, analysis and interpretation
of data; in the writing of the report; or in the decision to submit the
paper for publication.

Contributors

S.R., J.T. and R.H. developed the cognitive task, analysed and
interpreted the data and co-wrote the paper. S.R. and J.T. recruited

participants and administered the cognitive tests. All authors con-
tributed to the drafts of the manuscript.

Conflict of interest

No conflict declared.

Acknowledgements

The authors would like to thank Maria Di Biase and Sarah Taylor
for their assistance with data collection.

References

AIHW, 2008. 2007 National Drug Strategy Household Survey. In: Australian Institute
on Health and Welfare (Ed.), Welfare. AIHW, Canberra.

Babor, T., de la Fuente, J., Saunders, J., Grant, M.M.,  1992. AUDIT. The Alcohol Use
Disorder Identification Test. Guidelines for Use in Primary Health Care. World
Health Organisation, Geneva.

Babor, T., Higgins-Biddle, J., Saunders, J., Monteiro, M.,  2001. AUDIT: The Alcohol Use
Disorders Identification Test. Guidelines for Use in Primary Care. World Health
Organisation Department of Mental Health and Substance Dependence, Geneva.

Bechara, A., Dolan, S., Hindes, A., 2002. Decision-making and addiction (part II):
myopia for the future or hypersensitivity to reward? Neuropsychologia 40,
1690–1705.

Beck, A., Schlagenhauf, F., Wustenberg, T., Hein, J., Kienast, T., Kahnt, T., Schmack, K.,
Hagele, C., Knutson, B., Heinz, A., Wrase, J., 2009. Ventral striatal activation dur-
ing  reward anticipation correlates with impulsivity in alcoholics. Biol. Psychiatry
66, 734–742.

Bickel, W.K., Marsch, L.A., 2001. Toward a behavioral economic understanding of
drug dependence: delay discounting processes. Addiction 96, 73–86.

Bjork, J.M., Knutson, B., Hommer, D.W., 2008a. Incentive-elicited striatal activation
in  adolescent children of alcoholics. Addiction 103, 1308–1319.

Bjork, J.M., Momenan, R., Smith, A.R., Hommer, D.W., 2008b. Reduced poste-
rior mesofrontal cortex activation by risky rewards in substance-dependent
patients. Drug Alcohol Depend. 95, 115–128.

Carpenter, K.M., Schreiber, E., Church, S., McDowell, D., 2005. Drug Stroop perfor-
mance: relationships with primary substance of use and treatment outcome in
a  drug-dependent outpatient sample. Addict. Behav. 31, 174–181.

Chung, T., Geier, C., Luna, B., Pajtek, S., Terwilliger, R., Thatcher, D.,  Clark, D.B., 2011.
Enhancing response inhibition by incentive: comparison of adolescents with
and  without substance use disorder. Drug Alcohol Depend. 115, 43–50.

Colder, C.R., O’Connor, R., 2002. Attention biases and disinhibited behavior as pre-
dictors of alcohol use and enhancement reasons for drinking. Psychol. Addict.
Behav. 16, 325–332.

Cools, R., Frank, M.J., Gibbs, S.E., Miyakawa, A., Jagust, W.,  D’Esposito, M.,  2009. Stri-
atal  dopamine predicts outcome-specific reversal learning and its sensitivity to
dopaminergic drug administration. J. Neurosci. 29, 1538–1543.

Dawe, S., Loxton, N.J., 2004. The role of impulsivity in the development of substance
use and eating disorders. Neurosci. Biobehav. Rev. 28, 343–351.

Ersche, K.D., Roiser, J.P., Clark, L., London, M.,  Robbins, T.W., Sahakian, B.J., 2005.
Punishment induces risky decision-making in methadone-maintained opiate
users but not in heroin users or healthy volunteers. Neuropsychopharmacology
30, 2115–2124.

Fernie, G., Cole, J.C., Goudie, A.J., Field, M.,  2010. Risk-taking but not response inhibi-
tion or delay discounting predict alcohol consumption in social drinkers. Drug
Alcohol Depend. 112, 54–61.

Field, M.,  Christiansen, P., Cole, J., Goudie, A., 2007. Delay discounting and the alcohol
Stroop in heavy drinking adolescents. Addiction 102, 579–586.

Field, M.,  Schoenmakers, T., Wiers, R.W., 2008. Cognitive processes in alcohol binges:
a  review and research agenda. Curr. Drug Abuse Rev. 1, 263–279.

Frank, M.J., Seeberger, L.C., O’Reilly, R.C., 2004. By carrot or by stick: cognitive rein-
forcement learning in parkinsonism. Science 306, 1940–1943.

Fridberg, D.J., Queller, S., Ahn, W.Y., Kim, W.,  Bishara, A.J., Busemeyer, J.R., Porrino,
L.,  Stout, J.C., 2010. Cognitive mechanisms underlying risky decision-making in
chronic cannabis users. J. Math. Psychol. 54, 28–38.

Goldstein, R.Z., Volkow, N.D., 2002. Drug addiction and its underlying neurobiologi-
cal  basis: neuroimaging evidence for the involvement of the frontal cortex. Am.
J.  Psychiatry 159, 1642–1652.

Goudriaan, A.E., Grekin, E.R., Sher, K.J., 2011. Decision making and response inhibi-
tion as predictors of heavy alcohol use: a prospective study. Alcohol. Clin. Exp.
Res. 35, 1050–1057.

Goudriaan, A.E., Oosterlaan, J., De Beurs, E., Van Den Brink, W.,  2008. The role of self-
reported impulsivity and reward sensitivity versus neurocognitive measures of
disinhibition and decision-making in the prediction of relapse in pathological
gamblers. Psychol. Med. 38, 41–50.

Grant, S., Contoreggi, C., London, E.D., 2000. Drug abusers show impaired perfor-
mance in a laboratory test of decision making. Neuropsychologia 38, 1180–1187.

Heather, N., Partington, S., Partington, E., Longstaff, F., Allsop, S., Jankowski, M., Ware-
ham, H., Gibson, A.S., 2011. Alcohol use disorders and hazardous drinking among
undergraduates at English universities. Alcohol Alcohol. 46, 270–277.

dx.doi.org/10.1016/j.drugalcdep.2012.03.017


Please cite this article in press as: Rossiter, S., et al., Improving control over the impulse for reward: Sensitivity of harmful alcohol drinkers to
delayed reward but not immediate punishment. Drug Alcohol Depend. (2012), http://dx.doi.org/10.1016/j.drugalcdep.2012.03.017

ARTICLE IN PRESSG Model

DAD-4408; No. of Pages 6

6 S. Rossiter et al. / Drug and Alcohol Dependence xxx (2012) xxx– xxx

Heatherton, T.F., Kozlowski, L.T., Frecker, R.C., Fagerstrom, K.-O., 2006. The Fager-
strom Test for Nicotine Dependence: a revision of the Fagerstrom tolerance
questionnaire. Br. J. Addict. 86, 1119–1127.

Hommer, D.W., Bjork, J.M., Gilman, J.M., 2011. Imaging brain response to reward in
addictive disorders. Ann. N.Y. Acad. Sci. 1216, 50–61.

Houben, K., Nederkoorn, C., Wiers, R.W., Jansen, A., 2011. Resisting temptation:
decreasing alcohol-related affect and drinking behavior by training response
inhibition. Drug Alcohol Depend. 116, 132–136.

Jentsch, J.D., Taylor, J.R., 1999. Impulsivity resulting from frontostriatal dysfunction
in drug abuse: implications for the control of behavior by reward-related stimuli.
Psychopharmacology (Berl.) 146, 373–390.

Kalivas, P.W., Volkow, N.D., 2005. The neural basis of addiction: a pathology of
motivation and choice. Am.  J. Psychiatry 162, 1403–1413.

Kamarajan, C., Porjesz, B., Jones, K.A., Choi, K., Chorlian, D.B., Padmanabhapillai, A.,
Rangaswamy, M.,  Stimus, A.T., Begleiter, H., 2005. Alcoholism is a disinhibitory
disorder: neurophysiological evidence from a Go/No-Go task. Biol. Psychol. 69,
353–373.

Kambouropoulos, N., Staiger, P.K., 2001. The influence of sensitivity to reward on
reactivity to alcohol-related cues. Addiction 96, 1175–1185.

Kirby, K.N., Petry, N.M., 2004. Heroin and cocaine abusers have higher discount rates
for delayed rewards than alcoholics or non-drug-using controls. Addiction 99,
461–471.

Klein, T.A., Neumann, J., Reuter, M.,  Hennig, J., von Cramon, D.Y., Ullsperger, M.,
2007. Genetically determined differences in learning from errors. Science 318,
1642–1645.

Loeber, S., Duka, T., 2009a. Acute alcohol decreases performance of an instrumental
response to avoid aversive consequences in social drinkers. Psychopharmacol-
ogy (Berl.) 205, 577–587.

Loeber, S., Duka, T., 2009b. Acute alcohol impairs conditioning of a behavioural
reward-seeking response and inhibitory control processes – implications for
addictive disorders. Addiction 104, 2013–2022.

MacKillop, J., Amlung, M.T., Few, L.R., Ray, L.A., Sweet, L.H., Munafo, M.R., 2011.
Delayed reward discounting and addictive behavior: a meta-analysis. Psy-
chopharmacology (Berl.) 216, 305–321.

MacKillop, J., Mattson, R.E., Anderson Mackillop, E.J., Castelda, B.A., Donovick, P.J.,
2007. Multidimensional assessment of impulsivity in undergraduate hazardous
drinkers and controls. J. Stud. Alcohol Drugs 68, 785–788.

McDonald, J., Schleifer, L., Richards, J.B., de Wit, H., 2003. Effects of THC on behavioral
measures of impulsivity in humans. Neuropsychopharmacology 28, 1356–1365.

McNamee, R.L., Dunfee, K.L., Luna, B., Clark, D.B., Eddy, W.F., Tarter, R.E., 2008. Brain
activation, response inhibition, and increased risk for substance use disorder.
Alcohol. Clin. Exp. Res. 32, 405–413.

Mitchell, J.M., Fields, H.L., D’Esposito, M.,  Boettiger, C.A., 2005. Impulsive responding
in  alcoholics. Alcohol. Clin. Exp. Res. 29, 2158–2169.

Monterosso, J., Ehrman, R., Napier, K.L., O’Brien, C.P., Childress, A.R., 2001. Three
decision-making tasks in cocaine-dependent patients: do they measure the
same construct? Addiction 96, 1825–1837.

Murphy, P., Garavan, H., 2011. Cognitive predictors of problem drinking and AUDIT
scores among college students. Drug Alcohol Depend. 115, 94–100.

Naqvi, N.H., Bechara, A., 2009. The hidden island of addiction: the insula. Trends
Neurosci. 32, 56–67.

Nederkoorn, C., Baltus, M.,  Guerrieri, R., Wiers, R.W., 2009. Heavy drinking is asso-
ciated with deficient response inhibition in women but not in men. Pharmacol.
Biochem. Behav. 93, 331–336.

O’Connor, R.M., Colder, C.R., 2005. Predicting alcohol patterns in first-year col-
lege students through motivational systems and reasons for drinking. Psychol.
Addict. Behav. 19, 10–20.

Olmstead, T.A., Petry, N.M., 2009. The cost-effectiveness of prize-based and
voucher-based contingency management in a population of cocaine- or opioid-
dependent outpatients. Drug Alcohol Depend. 102, 108–115.

Paulus, M.P., 2007. Decision-making dysfunctions in psychiatry – altered homeo-
static processing? Science 318, 602–606.

Petry, N.M., 2001. Pathological gamblers, with and without substance use disorders,
discount delayed rewards at high rates. J. Abnorm. Psychol. 110, 482–487.

Petry, N.M., 2010. Contingency management treatments: controversies and chal-
lenges. Addiction 105, 1507–1509.

Petry, N.M., Ford, J.D., Barry, D., 2011. Contingency management is especially effica-
cious in engendering long durations of abstinence in patients with sexual abuse
histories. Psychol. Addict. Behav. 25, 293–300.

Pryor, L.R., MacKillop, J., 2009. Delayed reward discounting in individuals with
alcohol-use disorders and other addictive disorders: a meta-analysis. Alcohol.
Exp. Clin. Res. 33, 104A.

Rubio, G., Jimenez, M., Rodriguez-Jimenez, R., Martinez, I., Avila, C., Ferre, F., Jimenez-
Arriero, M.A., Ponce, G., Palomo, T., 2008. The role of behavioral impulsivity in
the development of alcohol dependence: a 4-year follow-up study. Alcohol. Clin.
Exp. Res. 32, 1681–1687.

Saunders, J.B., Aasland, O.G., Babor, T.F., de la Fuente, J.R., Grant, M., 1993.
Development of the Alcohol Use Disorders Identification Test (AUDIT): WHO
Collaborative Project on Early Detection of Persons with Harmful Alcohol Con-
sumption – II. Addiction 88, 791–804.

Scaife, J.C., Duka, T., 2009. Behavioural measures of frontal lobe function in a popula-
tion of young social drinkers with binge drinking pattern. Pharmacol. Biochem.
Behav. 93, 354–362.

Skinner, H.A., 1982. The drug abuse screening test. Addict. Behav. 7, 363–371.
Tarter, R.E., Kirisci, L., Habeych, M.,  Reynolds, M.,  Vanyukov, M.,  2004. Neurobehavior

disinhibition in childhood predisposes boys to substance use disorder by young
adulthood: direct and mediated etiologic pathways. Drug Alcohol Depend. 73,
121–132.

Tarter, R.E., Kirisci, L., Mezzich, A., Cornelius, J.R., Pajer, K., Vanyukov, M., Gardner,
W.,  Blackson, T., Clark, D., 2003. Neurobehavioral disinhibition in childhood
predicts early age at onset of substance use disorder. Am.  J. Psychiatry 160,
1078–1085.

Verdejo-Garcia, A., Bechara, A., 2009. A somatic marker theory of addiction. Neu-
ropharmacology 56 (Suppl. 1), 48–62.

Vuchinich, R.E., Simpson, C.A., 1998. Hyperbolic temporal discounting in social
drinkers and problem drinkers. Exp. Clin. Psychopharmacol. 6, 292–305.

Wrase, J., Schlagenhauf, F., Kienast, T., Wustenberg, T., Bermpohl, F., Kahnt, T., Beck,
A.,  Strohle, A., Juckel, G., Knutson, B., Heinz, A., 2007. Dysfunction of reward
processing correlates with alcohol craving in detoxified alcoholics. Neuroimage
35, 787–794.

Yucel, M.,  Lubman, D.I., Solowij, N., Brewer, W.J., 2007. Understanding drug addic-
tion: a neuropsychological perspective. Aust. N.Z. J. Psychiatry 41, 957–968.

dx.doi.org/10.1016/j.drugalcdep.2012.03.017

	Improving control over the impulse for reward: Sensitivity of harmful alcohol drinkers to delayed reward but not immediate...
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Assessment measures
	2.2.1 Alcohol Use Disorders Identification Test (AUDIT)
	2.2.2 Monetary Incentive Go/No-go Task (MI-GNG)


	3 Results
	3.1 Participants’ characteristics
	3.2 MI-GNG Task performance

	4 Discussion
	Role of funding source
	Contributors
	Conflict of interest
	Acknowledgements
	References


